The distributions of the number of distinct sites S visited by random walks of n steps in the infinite cluster of two-dimensional lattices at the percolation threshold are studied. Different lattice sizes, different origins of the walks, and different realizations of the disorder are investigated by Monte Carlo simulations.
I. INTRODUCTION
In this paper we investigate some properties of the distributions of the number of sites that are visited by random walks in lattices at the percolation threshold. The infinite cluster of accessible sites in lattices with randomly blocked sites is a fractal at the percolation threshold. Consequently, the mean number of distinct sites visited by random walks shows a power-law dependence on the step number [1] . In particular we ask whether the distributions of the number of distinct sites visited exhibit multi&actal features. In the multi&actal analysis the structure of the probability distributions themselves are of interest [2] , for instance, their dependence on length scales, or the magnitude of the fI.uctuations between different realizations of the disorder. With regard to the number S of visited sites, we can investigate the structure of the distribution for different lattice sizes, for difFerent starting sites of the random walks in a particular realization of the infinite cluster, and for different realizations of the infinite cluster. These points are discussed in this paper.
Multi&actal properties of random walks in percolation lattices were already investigated by Bunde, Havlin, and Roman [3] who studied the probability distribution of the displacements R of particles. Especially they considered the distributions of the probability distribution, for fixed distance R and step number n. They were able to predict multi&actal properties of these distributions by comparing them with simpler models, and they confirmed the ensuing scaling predictions by numerical methods. We wish to point out why we think it is worthwhile to also *Electronic address:argyrakisolymp.
ccf.auth. gr undertake a study of the multi&actal features of the distributions of S". The number S of distinct sites visited is a quantity that is different &om the displacements of a random walk. It is related to the first-passage times of the walk to the lattice points. The distance B of a walk belongs to the class of properties that are associated with the mean-square displacement. The mean number (9 ) of distinct sites visited, and the mean-square displacement (B ) have quite different properties in the infinite percolation cluster. While the power-law behavior of (R2) is described by the random-walk exponent d~[4], the behavior of (S ) with the number of steps n is determined by the spectral dimension ots [5] . The difficulty of studying the distribution of S is that no useful simple models are known for predicting the scaling behavior of the distributions, and that the exact enumeration technique is not applicable.
In addition to the analysis of the probability distributions of S, which is analogous to the analysis of Bunde et al. [3] we also investigate the properties of the distributions of S by box-counting methods, as considered by Halsey et al. [6] . Such methods are quite natural to study, e.g. , strange sets in turbulence [7] and in chaotic systems [8] . One application of the box-counting method to a first-passage time problem was made recently by Murthy et aL [9] . We extend this method to the study of the Fig. 3 
holds. For this purpose in Fig. 4 Figure 6 shows four difFerent distributions (taken at random) of the number of distinct sites visited, for random walks starting at four different origins. The distributions P (S ) are not yet normalized. The distributions shown in Fig. 6 are very different &om each other; evidently this is a consequence of the form of the infinite cluster at the percolation threshold. If the distributions P(S") are determined in a lattice away from the percolation threshold, they should not so strongly differ Rom each other. We have convinced ourselves that this is indeed the case, and a figure for p = 0.75 is given in Ref. [13] , in which the four distributions of Fig. 6 practically collapse. In the multi&actal analysis of these distributions, the moments of the set of the probabilities are determined, Since this quantity plays an important role in the subsequent analysis, we will show its dependence on the value of S that is selected for the corresponding hyperdistribution. Figure 8 
